Supplementary Methods
Chemicals. Nuclease-free water, ammonium acetate solution, and 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer were purchased from Life Technologies M ethylenediaminetetraacetic acid (EDTA) dissolved in water) 1 . All other chemicals were purchased from Sigma-Aldrich Corporation (St. Louis, MO).
SPOT Synthesis of the GDGEGDGEGD Peptide. The anionic peptide GDGEGDGEGD (G:
glycine, D: aspartate, E: glutamate) used in Supplementary Fig. S8 was synthesized by the SPOT-synthesis technique 2 according to the previously published protocol 3 . Briefly, the synthesis was performed on cellulose filter paper using standard fluorenylmethyloxycarbonyl Synthesis of Activated Monomers. The activated monomers guanosine 5′-phosphor-2-methylimidazolide (2-MeImpG) and cytidine 5′-phosphor-2-methylimidazolide (2-MeImpC) 4 were synthesized according to the following procedures: µL anhydrous triethylamine (TEA, 5.51 mmol). This solid mixture was then all dissolved in 50 mL anhydrous dimethylsulfoxide (DMSO) in a round-bottom flask under argon. The reaction was allowed to stir for 30 minutes at room temperature. The crude reaction mixture was then added dropwise to a chilled (4 °C) precipitation solution (400 mL acetone, 250 mL diethyl ether, 30 mL TEA, and 2 mL saturated sodium perchlorate in acetone). The resulting cloudy mixture was stirred for 10 minutes, and then left to precipitate for 30 minutes at 4 °C. The majority of the supernatant was decanted to a minimal level, and the slurry was transferred to falcon tubes and centrifuged for 5 minutes at 4000 rpm and 4 °C. The remaining liquid phase was decanted again, and the pellet was washed with 1:1 acetone:diethyl ether, followed by centrifugation for 5 minutes at 4000 rpm and 4 °C. This washing process was repeated 5 times or more, until the supernatant was clear. The pellet was left to dry under vacuum overnight.
The dried pellet was dissolved in nuclease-free water and purified on a reusable RediSep Rf and calculated by using the extinction coefficient at 260 nm (7,500 M -1 cm -1 ) 5 .
Fluorescence Anisotropy. The anisotropy was calculated by the instrument as follows:
I VV is the emission intensity when both the excitation and the emission polarizers are in the vertical position, I VH is the emission intensity when the excitation polarizer is in the vertical position and the emission polarizer is in the horizontal position, and g is the g-factor defined as: 7 
Stopped-Flow Annealing Experiments.
For the experiments varying RNA length (Fig. 3c ), all experimental procedures were identical to those described in Methods except with different lengths of the RNA strand without 2-aminopurine (2AP) in the samples. The length of the non-2AP-containing RNA strand was varied by systematically truncating the 5′-end of the following RNA sequence (5′-GCGUAGACUGACUGG-3′) to obtain RNA of lengths from 15 down to seven (5′-UGACUGG-3′) nucleotides. For variable-concentration experiments involving the additives MgCl 2 , 2-MeImpC, CMP, and sodium citrate, the same procedure as described in
Methods was followed except with addition of each additive into the samples ( Supplementary   Figs . S9-S12, respectively). For the experiments involving variable buffer concentration ( Supplementary Fig. S13 ), variable pH ( Supplementary Fig. S14 ), and poly-L-lysine 4-15kDa
( Supplementary Fig. S25 ), the same procedure as described in Methods was followed except with the use of different buffer concentrations, buffer pHs, or peptide in each sample (respectively).
The data generated is in non-normalized voltage units, and the fluorescence decreases over time.
Assuming 1) the annealing of two equimolar solutions of complementary RNA is a second order The precipitation mixture was centrifuged at 15000 rpm for 15 minutes, the supernatant was removed, and the precipitate was dissolved in 400 µL of 80% (v/v) ethanol in nuclease-free water. This mixture was again centrifuged at 15000 rpm for 15 minutes to wash the precipitate.
The supernatant was removed and the remaining precipitate was left at room temperature to air dry. When no more liquid was visible, the precipitate was dissolved in 6-10 µL of 200 µM DNA (5′-GACTGACTGGGGGGTT-3′, the complement of the template) in 8 M urea and 1 X TBE.
The resulting solution was heated at 95 °C for 1 minute, and then left to cool down to room temperature.
Samples were analyzed by 20% TBE-urea denaturing polyacrylamide gel electrophoresis (PAGE). Gels were prepared between notched glass plates (Moliterno, Pepperell, MA) as
tetramethylethylenediamine (TEMED), and 1 mg/mL ammonium persulfate. Samples were run on gels at 1500 V for five hours and scanned on the Cy3 channel with a Typhoon Scanner 9410 (GE Healthcare, Little Chalfont, Buckinghamshire, UK) with a 50 or 100 micron pixel size.
The intensities of the resulting gel bands were quantified using ImageQuant TL software (GE Healthcare, Little Chalfont, Buckinghamshire, UK). The log of the intensity of the primer band as a fraction of the total intensity of all bands was plotted against time in hours, and a linear regression was performed with the linear range of the plot (first four points). The observed pseudo-first order rate constant, k obs , in h -1 is the slope of the regression fit (Fig. 4b ).
For experiments described in Fig. 4c , identical reaction conditions and RNA sequences as the nonenzymatic primer extension reaction described above were used, with the following notable exceptions: 1.2 µM of the primer was used, 1.25 µM of the template was used, either 0 µM or 2 µM RNA complementary to the template (5′-GACUGACUGGGGGGUU-3′) was used, and the total reaction volume was 10 µL. All RNAs were HPLC-purified. The primer and template were pre-hybridized, and then either 0 mM or 1.5 mM R10NH 2 peptide was added to the primer/template complex. The reverse complement was separately incubated with or without 1.5 mM R10NH 2 . The separate mixtures were allowed to equilibrate at room temperature for one hour and then mixed. After addition of 2-MeImpG (10 mM) to initiate the reaction, the reaction mixture was left to react at room temperature. A single time point was taken after 24 hours, and the entire reaction mixture was precipitated and dissolved in 8 M Urea and 1 X TBE; the samples were analyzed by PAGE as above.
For experiments described by Figs. 4d-4e, identical reaction conditions and RNA sequences as the nonenzymatic primer extension reaction described above were used, with the following notable exceptions: 0.95 µM of the primer was used, 1 µM of the template was used, either 0 µM or 1.2 µM RNA complementary to the template was used, and the total reaction volume was 4
µL. All RNAs used were HPLC-purified. The reaction was allowed to equilibrate at room temperature for several minutes. Then, either 0 mM or 1.5 mM R10NH 2 peptide was added to the sample. After addition of 2-MeImpG (10 mM) to initiate the reaction, the entire reaction mixture was heated to 95 °C for 1 minute, snap-cooled in an ice-water bath for 2 minutes, and then allowed to react while warming to room temperature. A single time point was taken after 24 hours, and the entire reaction mixture was precipitated and dissolved in 8 M Urea and 1 X TBE; the samples were analyzed by PAGE as above.
We also performed a set of nonenzymatic primer extension experiments ( Fig. 5d ) with 1.25 µM of the 5′-Cy3-labeled RNA primer, 1.4 µM of the template, 1 mM R10NH 2 , 10 mM MgCl 2 , and 250 mM Na-HEPES pH 8. We prepared the reaction mixture as described above and initiated the reaction by addition of 10 mM 2-MeImpG. The sample was then centrifuged at 15000 rpm for 5 minutes. Immediately after centrifugation, the supernatant was separated from the pellet resulting from the formation of the condensed phase. Then, we allowed the reaction to proceed separately in both the supernatant and the pellet, respectively, for 4 hours. An additional sample with the same reaction conditions as described above but without any centrifugation was allowed to react at room temperature for 4 hours after initiation of the reaction by addition of 2-MeImpG; another sample was prepared according to the same reaction conditions as above but without R10NH 2 and without centrifugation and was allowed to react at room temperature for 4 hours after For samples containing more than one RNA strand, we subtracted out the contribution to the absorbance by the 15-mers (complementary and non-complementary, respectively), normalized each value as described below, and reported each value as the fraction of 7-mer in the supernatant after centrifugation in Supplementary Fig. S23 .
For the sample containing the 7-mer with the complementary 15-mer, we assumed that the normalized absorbance value of the 15-mer alone indicated the fraction of the 15-mer in the supernatant (0.032) after centrifugation in the presence of peptide. To estimate the change in contribution to the absorbance upon duplex formation due to hyperchromicity to a first approximation, we assumed that the entire population of the 7-mer was completely bound to the 15-mer and that the hyperchromicity is not concentration-dependent for ease of calculation. We assumed that the following equation holds: Table S2 ). The second term accounts for a fraction of the 15-mer being bound to the 7-mer, and thus having its contribution to the total absorbance decrease due to hyperchromicity. From this equation, we determined that h = 0.25. We next adjusted for the contribution to the absorbance of the 15-mer in the supernatant after centrifugation by utilizing the following equation which accounts for the change in the total absorbance by the remaining 15-mer in the supernatant:
A P/T * represents the absorbance of the supernatant containing the 7-mer with the 15-mer after centrifugation (0.027, from Supplementary Fig. S22 ), A T represents the absorbance of the solution containing the 15-mer before centrifugation and accounting for dilution (0.73, from Supplementary Table S2) , f represents the fraction of the 15-mer in the supernatant (0.032) after centrifugation in the presence of peptide and P represents the contribution to the absorbance from the 7-mer. We determined that P = 0.008. We then divide P by A P to determine the fraction of the 7-mer remaining in the supernatant after centrifugation and report this value at the relevant location in Supplementary Fig. S23 . centrifugation in the presence of peptide, and P represents the contribution to the absorbance from the 7-mer. We determined that P = 0.084. We then divide P by A P , the absorbance of the solution containing the 7-mer before centrifugation (0.37, from Supplementary Table S2) , to determine the fraction of the 7-mer remaining in the supernatant after centrifugation and report this value at the relevant location in Supplementary Fig. S23 .
Fatty Acid Vesicle Studies. Vesicle stability studies ( Supplementary Fig. S26 ) in the presence of peptide were conducted by monitoring the leakage of a small molecule, calcein, as described by Adamala and coworkers 8 . Briefly, oleic acid vesicles containing 20 mM calcein in 200 mM
Tris-Cl pH 8 were prepared. The vesicles were extruded to a diameter of 100 nm using 100 nm pore size polycarbonate filters (GE Healthcare, Piscataway, NJ), then purified on a Sepharose 4B (black) and NaCl (red). Increasing the concentrations of either MgCl 2 and NaCl led to a decrease in the anisotropy of the peptide-RNA complex, representing an increase in its rotational diffusion and thus a decrease in its size. We speculate this decrease is caused by the disruption of the electrostatic peptide-RNA interactions by each salt. The system requires less MgCl 2 than NaCl to effect the same decrease in anisotropy due in part to the greater change in ionic strength afforded by MgCl 2 compared to NaCl but also perhaps due to the fact that magnesium cations are divalent and bind more tightly to RNA than sodium cations, which are monovalent 11, 12 ( Supplementary Fig. S9 ), 2-MeImpC ( Supplementary Fig. S10 ), and CMP ( Supplementary Fig.   S11 ), addition of citrate also caused the annealing rate of RNA to increase, tempering the possibility that citrate could be used as a Mg 2+ chelator 8 in nonenzymatic primer extension reactions without affecting the annealing rate of RNA. The pH of a solution of 50 mM sodium citrate in the same buffer was 7.97 after three hours, indicating that the pH of the samples does not change significantly over the timescale of these experiments. Error bars indicate ± one SEM.
15-mers (same sequences as Supplementary Fig. S8 ) in the presence of 100 µM R10NH 2 , 50 mM NaCl, 1 mM EDTA, and variable concentrations of Tris-Cl (10 mM, 100 mM, 250 mM, and 500 mM). Increasing the buffer concentration decreased the annealing t 1/2 of RNA in the presence of R10NH 2 , though less appreciably than the other additives tested ( Supplementary Figs. S9-S12 ).
At 250 mM Tris-Cl, the annealing t 1/2 was 900(30) s. Error bars indicate ± one SEM.
15-mers (same sequences as Supplementary Fig. S8 ) in the presence of 100 µM R10NH 2 , 50 mM NaCl, 1 mM EDTA, and 10 mM buffer at different pHs (6-9). All buffers used were Tris-Cl except for the pH 6 sample, where we used 2-(N-morpholino)ethanesulfonic acid (MES). The does not interact with vesicles in such a way as to significantly change membrane permeability.
Error bars indicate ± one SEM. 
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